C ase Presentation: A 92-yearold woman presented with progressive heart failure in the setting of known aortic valve stenosis. Despite aggressive medical therapy, she remained in New York Heart Association functional class IV. She lived in an assisted-care facility and wanted to engage in more vigorous daily activities. She did not wish to undergo surgical aortic valve replacement. An echocardiogram showed a left ventricular ejection fraction of 50%. The aortic valve was heavily calcified and severely stenotic, with a mean gradient of 64 mm Hg and an aortic valve area of 0.46 cm 2 .
The patient was offered balloon aortic valvuloplasty, to which she and her family consented. A retrograde approach with a 23-mm balloon was used. A total of 3 inflations were carried out across the aortic valve during simultaneous rapid ventricular pacing at 220 bpm. The postvalvuloplasty mean gradient was reduced to 28 mm Hg, and the aortic valve area increased to 0.98 cm 2 . She was seen in the clinic 6 months later with stable functional class II symptoms and re-mained quite satisfied with her improved lifestyle.
Calcific aortic stenosis (AS) is the most frequent expression of valvular heart disease in the Western world, with increasing prevalence expected as the population ages. Three percent of all adults Ն75 years of age have moderate or severe AS, and it is the leading indication for valve replacement in Europe and the United States. Surgical aortic valve replacement is the preferred treatment strategy for patients of all age groups, although it has limitations in the octogenarian and nonagenarian populations. Open heart approaches are limited by higher perioperative risk, prolonged recovery, and poor quality of life after surgery. 1 The surgical 30-day mortality rate for the nonagenarian population is Ϸ17% in 1 contemporary series, with 40% mortality by 13 months. 2 Less invasive percutaneous options are needed for poor-surgical-risk patients with severe AS. Balloon aortic valvuloplasty (BAV) is currently the only approved catheter-based option for nonsurgical patients, a procedure that has been underused in those pa-tients relegated to medical therapy alone. This procedure fell from favor secondary to perceived procedural complexity, suboptimal initial results, and high restenosis rates in the 6 to 12 months after the procedure. 3 As the number of very elderly with this disease increases, especially those in whom surgical options are not available, an effective and less invasive treatment of severe AS is essential. About one third of patients with severe AS are not referred for valve replacement surgery because of the risks perceived by both patients and physicians. The use of BAV for palliation of symptoms has been undervalued in this difficult-to-treat patient group.
Pathophysiology of AS
A normal aortic valve leaflet consists of 3 layers ( Figure 1 ). AS is considered a form of atherosclerosis, and early valve lesions show subendothelial cellular and extracellular lipid accumulation on the aortic side of leaflets, much like what occurs in atherosclerotic disease. Such lesions include oxidized low-density lipoprotein, lipoprotein(a), inflammatory cells, and calcification.
Severely stenotic leaflets have prominent calcification with lipocalcific changes on the aortic side of leaflet.
Active bone formation is an important component of AS. 4 Early lesion initiation results from endothelial layer disruption caused by mechanical forces such as shear stress and abnormal blood flow patterns. Lipid accumulation, especially with low-density lipoprotein, begins within the leaflet subendothelial layer and is modified by inflammatory and cytokine interactions. The angiotensin-converting en-zyme cascade also works locally within the aortic leaflet, causing fibroblasts within the fibrosa layer to differentiate into myofibroblasts wherein the angiotensin I receptor is highly expressed. The myofibroblast cell plays a central role in the process because it is believed to differentiate into an osteoblast-like cell phenotype, which in turn promotes deposition of calcified nodules and bone formation.
Novel Relevant Pathophysiological Insights From In Vivo 3-Dimensional Imaging
Investigations into the relationship between aortic valve calcium and stenotic area by multislice computed tomography show causal mechanisms. 5 Three-dimensional images reveal important information about leaflet calcification and stenosis severity. Figure 2 supports the observation that extravalvular calcification affects leaflet motility, especially when calcium accumulates in the outflow tract and aortic root. Calcification within these locations may severely restrict leaflet motion and enhance stenosis severity.
Current Therapy and Results

Surgical Replacement
Surgical valve replacement should be considered the treatment of choice for severe AS patients regardless of age. Moderate-to-severe AS occurs in 5% of individuals 75 to 86 years of age, and critical AS is seen in Ͼ5% of those Ͼ85 years of age. 6 Increasing numbers of octogenarians and nonagenarians are presenting with severe AS for consideration of open heart surgery, and physicians are increasingly confronted by the growing dilemma of finding suitable therapy for elderly patients who are often poorly suited for traditional valve replacement surgery. Surgical success rates for these very elderly patients are improving but remain suboptimal. In-hospital death and stroke rates may be as high as 8.5% and 8%, respectively. 1 Mean duration of postoperative hospital stay in most reports is Ͼ2 weeks for very elderly patients, with most being discharged to nursing care facilitates. Furthermore, many elderly patients refuse surgery despite favorable outcomes, making less invasive, percutaneous therapy an attractive option for enhancing their quality of life. Moreover, disability often results from aortic valve replacement surgery in elderly patients. Less specific cognitive deficits also are common. More than half of all octogenarians are discharged to rehabilitation facilities, even after minimally invasive approaches are used, and Ͼ20% are rehospitalized within 1 month. 7
Aortic Valvuloplasty as a Forgotten Therapy
Percutaneous aortic valvuloplasty was developed as a nonsurgical option in the 1980s. It was found to have a role in managing unstable and critically ill patients such as those in cardiogenic shock or refractory heart failure. A mean age of 78Ϯ9 years was reported in the National Heart, Lung and Blood Institute (NHLBI) valvuloplasty registry and was typical of "younger" patients who underwent BAV 2 decades ago. A consistent limitation for this therapy among younger patients with greater longevity was the high restenosis rate and the need for reintervention. BAV was thus found to be of limited utility for many of these patients who were acceptable candidates for aortic valve replacement. High complication rates and inhospital mortality also were reported early in the experience, suggesting complications in 25% of patients (167 of 672) within 24 hours of the procedure and documenting death in 3% (17 of 672). 8 The most common complication was transfusion in 20%, related predominantly to vascular entry site complications (136 of 672; Table 1 ). 8 Cumulative cardiovascular mortality before discharge was 8% in the NHLBI registry. Restenosis and recurrent hospitalization were common, although survivors reported fewer symptoms over the subsequent 1.5 years. 3 Most patients who are very elderly often are considered too frail to undergo BAV or aortic valve replacement. In a comparable patient population without AS, median expected survival was only 2 years, regardless of valve condition. 9 The most impor-tant predictor of event-free survival after BAV was left ventricular function at baseline (ejection fraction Ͼ25%). 10 BAV may be a forgotten therapy, but analysis suggests that it offers benefits to the very elderly highrisk patient who is looking for significant symptomatic improvement that is not available from medical therapy alone. Table 2 shows informal guidelines currently used by our institutions to select patients suitable for BAV.
Mechanisms of Dilation
The effects of BAV on the aortic valve are poorly understood, but several mechanisms are likely. The most common effect is intraleaflet fractures within calcified nodular deposits. These represent leaflet hinge points and may increase flexibility within the calcified aortic root to improve valve opening. Other possible mechanisms include scattered leaflet microfractures, cleavage planes along collagenized stroma, and uncommon separation of fused leaflets. Enhanced compliance of the rigidly calcified adjacent aortic root, which may follow BAV, may further contribute to greater leaflet flexibility. That no single mechanism has been proved suggests insufficient data and leaves unanswered the 
Silver Linings to a Dark Cloud
Several technical and procedural improvements are now available for BAV that did not exist 20 years ago when Cribier first described the procedure. 10a Rapid ventricular pacing (200 to 220 bpm) now arrests mechanical systole to preserve balloon stability across the aortic valve during inflation. The Inoue balloon (typically used for mitral valvuloplasty) improves immediate post-BAV aortic valve area compared with conventional and retrograde BAV. 11 Enhanced valve opening may be achieved through leaflet hyperextension into the broader aortic root diameter. The "dumbbell"-shaped Inoue balloon locks on the aortic valve and can accomplish leaflet hyperextension with a rounded distal end without overstretching the valve annulus engaged by the narrower neck. 12 Furthermore, inflation-deflation times are faster, and given the required antegrade transvenous approach, peripheral arterial complications are less likely. Immediate post-BAV valve area is affected by pre-BAV severity and correlated with improved hemodynamic long-term follow-up. Investigations suggest that repeat balloon valvuloplasty in AS patients across multiple age groups (59 to 104 years) may improve 3-year survival rates over a single dilatation. 13 Repeat BAV can be performed without additional complications. Most patients have symptomatic relief for a year or more. The value of symptomatic palliation in this population cannot be understated. Minimizing the need for repeated hospitalizations for heart failure has a large impact on quality of life for these 80-to 95-year-old patients. Misconceptions often include a higherthan-reported rate of complications such as perioperative stroke, post-BAV aortic insufficiency, and myocardial perforation. In a series of 86 patients Ն80 years of age, no myocardial perforations occurred, and only 1 pa-tient developed severe aortic regurgitation. 14 . These data represent a favorable trend that is important given the incidence of severe coronary artery disease in these patients of 50%.
Valvular Restenosis and Prevention External Beam Radiation
The Radiation Following Percutaneous Balloon Aortic Valvuloplasty to Prevent Restenosis (RADAR) pilot trial suggests that external beam radiation may significantly reduce restenosis.
Restenosis in the RADAR pilot study was 20% at 12 months in a population with an average age of 89 years, suggesting utility in elderly patients. 15 This surprising benefit may occur through the previously demonstrated ability of external beam radiation therapy to limit the formation of scar tissue and heterotopic ossification previously reported in restenotic aortic valves.
Potential for Transcatheter Implantation and Antirestenotic Drug Therapy
Percutaneous heart valve implantation with stent-based valves has been performed in initial feasibility studies in inoperable patients with severe AS. Immediate and early clinical improvement has been achieved in small patient numbers with this technique. BAV will play a crucial role in preparing the stenotic aortic valve for the prosthetic implantation. Further device improvements and longterm follow-up are required in these novel implantation devices before premarket approval is obtained.
Antirestenotic drug therapy after BAV has not been attempted, but preclinical studies to prevent calcification have been investigated in surgical settings. Because drug-eluting stents have replaced brachytherapy in the management of coronary artery disease and restenosis, local drug elution into dilated aortic valves may be possible, in theory, to prevent restenosis after BAV or work primarily to stimulate bone regression.
Conclusions and Summary
Aortic valvuloplasty strategies should be reevaluated, given the enhanced knowledge of vascular and valvular biology that permits targeted therapy to prevent restenosis and to delay or reverse valve mineralization. The increasing numbers of poor surgical candidates in the expanding very elderly population mandate less invasive methods such as BAV to improve quality of life. The time has arrived for balloon aortic valvuloplasty to be revisited, and a resurgence of this procedure is becoming possible through improved knowledge and refined transcatheter device developments.
The patient presented in this Clinician Update needs to be followed up regularly to monitor for evidence of restenosis. If restenosis of the aortic valve occurs and is clinically significant, a repeat BAV can be performed.
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